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Beenenue

HccnenoBannio KOHBEKTUBHBIX MPOIIECCOB B TOPU3OHTAIBHBIX CIIOSIX BSI3KOW, HECKUMAEMOH, ITO-
JOTPEBaeMO# CHHU3Y KMIKOCTH IOCBSIICHO OOJIBIIOE YHCIIO cTaTei, 0030poB U MoHorpaduii. Cpeau HuX
MO>KHO OTMETHTH KaK MMOHEPCKUE IKCIIEPUMEHTAIBHYIO i TEOPETUUECKYIO cTaThH [1, 2], Tak 1 OoJee mo3a-
HUE 110 CPOKaM OIMyOJUKOBaHUs, HO OYeHb HHPOPMAaTHBHBIE MOHOTpaguu U 0030pbI, MOCBAIICHHBIE JaHHON
TeMartuke [3-6].

SIBNEeHrE TEIUIOBOW KOHBEKIIMH CBS3aHO C HEPAaBHOMEPHBIM HArpeBOM rasa WM JKHIKOCTH B TIOJE
TSDKECTH, KOTOPOE peasu3yeTcsl B BHIEC YHNOPSIIOUYCHHBIX MPOCTPAHCTBEHHBIX CTPYKTYp, 00pa30BaHHBIX Te-
YeHHEM HarpeBaemoro BemectBa. OHO pacrpocTpaHeHo B KocMoce (Hanpumep, Ha Comaie [7]), B psaae Tex-
HOJIOTHYECKHUX MporieccoB [8], HabmomaeTcs B mpupojae u ObITy. Takoi nmepedeHs MPOSBICHUN YIIOPSIOYCH-
HBIX CTPYKTYp BIIOJIHE 1OCTATOYEH AJISl OOBSICHEHHUS CYIIECTBOBaHUS HeOocaabeBarolIero HHTepeca K JaHHOH
TeMe KaK TaKOBOM, TeM Ooiee, 4To 3aJauil O KOHBEKIMH B TPaJIULIMOHHON MMOCTAaHOBKE NArOT OOraThlii MaTe-
puan as pa3paboTKH HOBBIX HJIEH B CMEXHBIX 00JacTAX 3HAHWN, KOTOpPbIE KacaloTCs, HalPUMep, YCIOBHIMA
(hopMUpOBaHUs TOPSNIKA U Xaoca B THAPOANMHAMUKE [6], cTOXacTH3AIMK WIH YIIOPSIOYCHUS JIBUKCHHS 3a-
PSKCHHBIX YaCTHI] TIPYU BO3HUKHOBEHUHU TPAHCTIOPTHHIX 0APHEPOB B IUIa3Me TOKaMaka B (PU3HKE IIa3MbI [8].

HecmoTpst Ha BceoxBaThIBAIOUIUN XapaKTeP 3a/1aud O KOHBEKIIMHU B CJI0€ HEC)KMMAEMOU BSI3KOH, MO-
JOTPEBAEMOI CHHU3Y KUAKOCTH BCE e OCTAIOTCS HEPEIIEHHBIMI HEKOTOpbIe ee mpoOiembl. K omHOM u3 HuX
MO>KHO OTHECTH OTCYTCTBHE (PU3MYECKH MOHATHOTO MeXaHH3Ma (JOpPMHUPOBAHUS HA MOBEPXHOCTH IOAOTPE-
BaeMOM KHJIKOCTH MHOTOYTOJIbHUKOB, SBISIONINXCS BEPXHEW TPaHbI0 MPSIMOYTOIFHONW MPU3MBI, TUIOTHO 3a-
MOIIAIOIINX MMOBEPXHOCTH KUAKOCTH. OTHA U3 TaKUX MPSAMOYTOIBHBIX TPU3M TPEACTABISET COOONH KOHBEK-
THUBHYIO SIMEHKY C COOTBETCTBYIOIUM BHYTPEHHUM pacHpeleIEHUEM CKOPOCTH M TeMmImepaTypsl. B HacTos-
niee BpeMs OOLIETIPUHATON SBISECTCS TeOMETpHYecKas TPAKTOBKA 00pa30BaHMS MPABUIBHBIX MHOTOYTOJb-
HBIX KOHBEKTHUBHBIX sueek. COriIacHo 3TOH TpaKTOBKe pemieHus: ypaBHeHUs: HaBre—CTOKCa B MpUOIMIKEHHN
Byccunecka co cBOOOAHBIMH TPaHMYHBIMH YCIOBHSAMH [3—6], omUCHIBaromMe TOPU30OHTAIbHBIE M BEPTHU-
KaJIbHBIE COCTABIIAIONINE CKOPOCTH )KMIKOCTH BHYTPH SYEHKH, C TOMOILIBIO0 COOTBETCTBYIOIINX F€OMETpUYE-
CKUX TIpeoOpa30oBaHMl MOTYT OBITh CBEACHBI K TAKMM CTPYKTYypaM, KaK KOHBEKTUBHBIE TOPU3OHTAJIHLHBIE Ba-
JIBI, KBaJpaTHbIE KOHBEKTUBHBIC SUEHKH WM MPABHIIbHBIE MHOTOYTOJBHUKN (TPEYTOJBHUKH HIIN TeKCaro-
Hbl). [Ipu 3TOM ocTaeTcs OTKPHITHIM BONMPOC O GOPMUPOBAHUHU CTPYKTYP C APYTUM KOJIMYECTBOM YIJIOB (IO
ceMH), KOTOopble Habmoganuch B 3kcriepumente [1]. HepermenHocTs 3ol mpobaeMsl cBi3aHa ¢ TPYIHOCTBIO
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T€OMETPUYECKOTO 3aMOIIEHUSI TIOBEPXHOCTH KHUIKOCTH HaOOPOM MHOTOYTOJBHBIX AJIEMEHTOB, MOCKOJIBKY
TaK¥e 3aMOIIEHHUS B PA3IUYHBIX YCIOBUAX OyIyT CTPOTO HHIWBUAYAIbHEI.

B pabote [9] BBIIBUHYTO MPENITONIOKEHUE O TOM, YTO OCHOBOIIOJIATAFOIIUM HPUHIUIIOM (OPMHPO-
BaHUS MHOTOYT'OJBHBIX KOHBEKTHBHBIX CTPYKTYP B TEMIIEPATypHO-HANPSHKESHHON Cpelle MOXKET OBITh HE
TeOMETPUYECKHU, YIOMSHYTHIH BBIIIE, a SHEPTeTHYECKUH. DTOT MPUHIUI CTABUT B COOTBETCTBHE KOJIHYECT-
BO, pa3Mep U (popMy KOHBEKTHBHBIX AYEEK C BETUYMHON TpaJIMEHTa TeMIIEpaTypbl BHYTPH SYEHKHU U TEMIIe-
paTypoil 1Ha eMKOCTU. B COOTBETCTBUM C HUM YTBEPKAACTCS, UTO C YBEIUUCHUEM TEMIICPATYPhl THA €MKO-
CTH B JKHAIKOCTH CHauaja MOSBIAIOTCS YeAWHEHHBIE (HE COMPUKACAIONINEC) IMIHHAPUIECKHIE IeMeHTap-
HbIe KOHBEKTHBHBIC stuciiku (DKSI), 9rciio KOTOPBIX ¢ pOCTOM TeMITepaTyphl CTAHOBUTCS TAaKWM OOJIBIINM,
YTO OHHM IUIOTHO YIAKOBBIBAOTCSI, 3AMOHSIIOT BECh 00bEM XKHUJAKOCTH U TAKUM 00pa3oM (JOPMHUPYIOT MHOTO-
YTOJbHbIC KOHBEKTUBHBIC STYCHKU.

I'opusoHTanbHAA M BEepTHUKANBbHASA COCTaBIsAIONINE cKopocT DK onmchIBaIOTCS MITMHAPHIECKIMA
¢dysakusaMu beccens mepBoro poaa HyJIEBOTO MOPSAKA U MIEPBOTO MOPSIIKA COOTBETCTBEHHO. ClieryeT oTMe-
TUTh, 4TO (PU3UUECKHE CBOWMCTBA TpemioxkeHHONH DK cOOTBETCTBYIOT SKCIIEPUMEHTAIBHBIM JIaHHBIM II0
KOHBEKIIUHY TTOIOTPEBaeMOl CHU3Y JKHIKOCTH B MaJIeHbKHUX KoHTeitHepax [10].

Lensto maHHONW pPabOTHI SABISETCS OOOCHOBAaHHWE CYIIECTBOBAHHS DJICMEHTApPHON KOHBEKTHBHOU
SIMEUKU TyTEM COIMOCTABJICHUS TEOPETHUUECKOW MOJEIU U SKCIEPUMEHTAIbHBIX JAaHHBIX, @ TAKXKE DKCIICPH-
MEHTAJIbHOE OTpeiefieHNe XapaKTePHBIX CKOPOCTEH TETNIOBON KOHBEKITUH KUAKOCTH BHYTPH STUCHKH.

Pemenue 3agauu Pajiesi B UMJIMHAPUYECKOH cUCTeMe KOOPAUHAT

Bo3myienus ckopocTd KOHBEKTHMBHOTO MACCOINEPEHOCa M TEMIIepaTyphl B TOPU3OHTAIBHOM CJIOE
BSI3KOM, HEC)KMMAEeMOW, TMOJOTPEBAEMOM CHM3Y MXHUAKOCTH OIUCHIBACTCS CHUCTEMOHN ypaBHeHud HaBbe—
Crokca B mpubmmkeHun byccuaecka. B mummHIpudeckoi reoMeTpun 0e3pa3MepHbBIE BO3MYIICHHS CKOPO-
ctu v = (V,, V,) u temneparypa T B Oe3pa3MepHbIX IEPEMEHHBIX £, 7, Z UIMEIOT B [9]

V(t, r, 2) = Asin(nmz)Jo(k.r)exp(-Ar); (1)

Vi(t, r, 7) = —Antk,” cos(nmz)J, (k,r)exp(-A1); )

1(t, r, z) = Bsin(nnz)Jo(k,r)exp(-At), 3)

T7Ie OCh Z HalpaBJieHa BBEPX, MEPICHANKYIISPHO TpaHunam ciost z=0unz=1;n=1, 2, 3, ... — 1IeBIc YUCIAa,

COOTBETCTBYIOIIME MOJaM BO3MYIICHUS; A U B — MOCTOSTHHBIE KOAPUITMECHTHI; A — COOCTBEHHBIC YUCIIA, Xa-
paxTepusytouiue 3aryxanue (A > 0), Hapactanue (A < 0) unu craunonapuoe cocrostaue (A = 0) Bo3MyIeHUH
(1)—(3); Jo(x) m Ji(x) — dysKME beccens mepBoro poaa HyJIeBOTO U MEPBOTO MOPSIKA COOTBETCTBEHHO; k, —
paaraIbHOE BOJHOBOE YMCIIO, XapaKTEPU3YIOIIee 3aBUCUMOCTh BO3MYIIICHHUN OT MOTIEPEYHON KOOPUHATHI 7.

st o6e3pazMeprBanusi BolpaxkeHui (1)—(3) UCMONB30BaHbl TAaKWE XapaKTEpHBIE Pa3MEpHBIE Mapa-
METpBI 3a/a4H, KaK TONIIMHA clIosi h; Bpems T = h’V™"; ckopoctb yh'; Temnepatypa 0 = T> — T, > 0; tae T» u
T, — Temmieparypa HIKHEH W BEpXHEW T'paHUI] CJIOS COOTBETCTBEHHO, V U ) — KMHEMaTHYeCKask BA3ZKOCTb U
TEMIIEPATYPOIPOBOJHOCTH JKUIKOCTH.

Pemenus (1)—(3) cripaBenuBbl 151 KOHBEKTUBHOM SYEHKH CO CBOOOTHBIMU TPaHUYHBIME YCIOBHS-
MU, KOTJIa KacaTeIbHbIC HAPSKCHHUS U BO3MYIIEHUS TEeMIIEPaTyphl Ha rpaHunax cios npu z =0 u z = 1 pas-
HBI HYITIO.

s Macen, HCOb30BaBIINUXCS ISl HCCIICIOBAHUS KOHBEKTHUBHEBIX TeueHui B [9, 10], BI3KOCTH co-
craBisier 8—11 Mm*/c (BakyyMHOE Macio W ero ananoru mpu temmeparype 100 °C [9, 11] u cHIMKOHOBOE
Macyo npu temriepatype 25 °C [10]). I[Ipu sTom TommuHa cost Macia coctaBsuia 1 MM, Takum oOpazom,
xapakTepHoe BpeMs T okaszpiBaercs mopsaka 0,1....0,01 ¢c. OkcnepuMeHTaTRHO HAOIOMaeMOe YCTOMUNBOE
CYIIECTBOBAaHUE NWIMHIPHYECKON SYCHKY B TEUCHHUE JOCTATOYHO JUTMTEIBHOTO 10 CPABHCHHIO C XapaKTep-
HBEIM BpeMeHeM nHTepBana (6omee 100 ¢) u mponopIMOHATIEHOCTE BO3MYIICHHH CKOPOCTH M TEMIIEPATYPHI
OKCIIOHEHIIHALHOM 3aBUCMMOCTH OT BpeMEHH eXp(—Af), HeM30eKHO PUBOAUT K BBIBOJY, YTO COOCTBEHHBIC
YUCIIa A JTOJDKHBI OBITH paBHBI MW OJM3KH K Hyito. [losToMy B ganpHeWeM 6yaeM paccMaTpHUBAaTh TOJIBKO
ycroiumBble perienus (1)—(3), korga A = 0.

B pemenmsx (1)—(3) HeonpeneneHHbIM apaMeTPOM SIBIIIETCS paAHalbHOE BOIHOBOE YHCHO k,. Ero
BEJIMYMHY MOYKHO OTIPEAETUTh U3 yCIOBHS PABEHCTBA HYIIO TOPU30HTANBHOI CKOpocTH V, Ha BHEIIHEH rpa-
HUIE KOHBEKTHBHOH SIEHKH. DTO yCIOBHE JAeT 3HAYCHHUE PaIMAIBHOTO BOJTHOBOTO YHCIIA
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kr = Ghi/Rca (4)
rae R. — paanyc KOHBEKTHBHOM SIUCHKH OTHECEHHBIN K TOJILWHE clof, O;; — i-i Homb (yHKuuu beccemns
nepBoro pona nepsoro nopsaka (J;(c;;) =0),i=1, 2,3, ... . B yvactHocTH, niepBbie HynU (yHKUNU beccens

HUMEIOT creayromue 3Hauenus [12]: oy = 3,832; 6,5, = 7,016; 0,3 = 10,173.

CrnenyeTr OTMETHUTB, 4TO perieHue (4) panee ObuTO mpuBeneHo B [13—15]. B atux paborax ObLin m0-
CTPOCHBI JIMHUHM TOKAa W aHAJU3UPOBAIOCH aKCHAIBLHO-CHMMETPUYIHOE PACIIOIOKEHUE KOHIICHTPHUECKHX
KOHBEKTHBHBIX BaJOB JUIsi CBOOOJHON BEPXHEH M TBEPAOH HIDKHEH rpaHull (HECUMMETPUYHBIC TPAaHUYHBIC
YCIIOBUSI) CIIOSI JKUAKOCTU. B yacTHOCTH, Kak ciemyeT u3 padoTsl [14], pagualbHOE BOTHOBOE YUCIIO OIpEie-
JIIETCS OTHOIICHHEM KPUTHYECKOTO BOJTHOBOTO YHCHa a = 2,682 3amayn ¢ HECUMMETPHIHBIMA TPAaHUIHBIMU
YCIOBHSIMH (COXpaHEHBI 0003HAYCHUS IUTHPYEMOUW pabOTHI) K TOIIMHMHE cios k. = a/h. B paborax [14, 15]
TaK)Xe MPUBEICHBI 3HAYCHUS KPUTHUECKUX BOJHOBBIX YHCENI U COOTBETCTBYIOIIHUE UM KPUTHUECKUE YHCIIa
Panes myis mByX mpyrux BHAOB TPaHWUYHBIX YCJIOBHIM: IBE CBOOOJHBIC TPAaHUIIBI M JIBe TBepasie. [lokazaHo,
YTO 3HAYCHHE PaAHaAIbHOTO BOJTHOBOTO YHCINA JUTSI KAKIOTO THIIA TPAHUIHBIX YCIOBHI ONPEAeNIeTCS KpH-
TUYECKUM BOJHOBBIM YHCIIOM ¢ COOTBETCTBYIOIIEIO THIIA TPAHUYHBIX YCIOBUH (a = 2,22 — nBe CBOOOHEIC
rpaHuIel, a = 3,13 — aBe TBepAbie). VIcX0/s U3 BIMIEH3I0KEHHOTO, MOXKHO CJIENIaTh BBIBOJ, YTO aBTOPHI ITH-
THPYEMBIX PabOT 10 KOHIIA HE MPOAHATN3UPOBAIH TOTyUEHHBIC PEIICHUS U He YCTAHOBIIIN BETMINHY palul-
aJIBHOTO BOJHOBOTO YKCa, KOTOPOE B HAIIEM cllydae ONpeeiseTCs BIpaxkeHUueM (4).

HNuTepnperanns UUIMHAPUYECKHX KOHBEKTHMBHBIX KoOJiell pelleHueM Jsi  JJeMeHTapHOil
KOHBEKTHUBHOM AYelHKHU €O CBOOOAHBIMH I'PAHUIAMHU

B pa6ote [10] mpuBeneHsl pe3ynbTaThl UCCACAOBAHUS (DOPMUPOBAHUSA KOHIECHTPUYECKHUX KOHBEK-
TUBHBIX BaJIOB B CJIO€ MOAOTPEBACMOr0 CHHU3Y CHUIMKOHOBOrO macia. JJis BU3yalu3aluu KOHBEKTHBHOIO
IBIDKEHHAA B MAaciio J00aBIIIOCH Takoe HEOONbIIOe KOJWYECTBO aTIOMHUHHEBOW IyAPHI, IPH KOTOPOM HE
O0TMEYAIOCh KaKUX-JIN0O M3MEHEHHH B CBOIICTBAX Maciia M TPaHUYHBIX YCIOBHAX.

Hwxe mamum maTepriperanuio mnpoBeeHHbM B [10] skcriepuMenTaM 1Mo (hOpMUPOBAHUIO KOHIICH-
TPUYCCKUX KOHBEKTUBHBIX KOJICIl B CHJIMKOHOBOM Maciie ¢ J0OaBICHHEM JTOCTATOYHOTO KOJUYECTBA ajfo-
MHHHEBOU Tynphl. [ 3Toro mcmonb3yeM pemeHus (1), (2) st KOHBEKTUBHOM SUEHKH CO CBOOOJHBIMHU
TPaHUYHBIMH YCIOBHAMHU. Tak Kak B Macio A00aBIIEHO OIpPE/EIeHHOE KOJIUYECTBO AIFOMHHUEBOU MYAPHI,
TO, KaK OTMEUEHO BHIIIE, B HEM 00pa3yeTcsl CYCIEH3Hs, OTIMYAIOIAsICSI OT YHCTOTO Macia TUIOTHOCThIO U
BS3KOCTHIO. B Takumx ycIIOBUSX Ha TBEPIOW HIDKHEH T'paHUIE MOBEPXHOCTHAS TUIEHKAa YHMCTOrO Macia, o
HaIIleMy MHEHHIO, OyeT o0ecnednBaTh MPOCKaIb3bIBAHNE CYCIIEH3UH OTHOCUTENHHO JTHA EMKOCTH, T.€. YCT-
paHATh KacaTelbHbIC HaNpshKEHUs. B 3TOM ciydae rpaHUYHBIC YCJIOBHS CIIOSI SKMJIKOCTH MOXKHO CUHUTATh
CBOOO/THBIMH.

Ha puc. 1 ganel pe3ynbprathl nUGpoBol 00pabOTKH W aHATUTUYIECKOTO OMUCAHUS MPUBE/ICHHBIX B
[10] cHUMKOB KOHBEKTUBHBIX KOHIIEHTpudeckux koiuetl. [udpsr 9; 10; 12; 13 Ha puc. 1 cOOTBETCTBYIOT BU-
3yaJbHO OMpPENCICHHOMY YHCIIy KOHBEKTUBHBIX BAJIOB 71 B sSTUCHKE.

Jna coyyasi, m300paykeHHOTO Ha pHC. 1, a MOTOK HampaBlieH BBEPX B IIEHTPE €MKOCTH, T. K. 3/1€Ch
BHJHA KPYITHAS CBETJIas TOYKA U3 AIFOMUHHUEBOW MyAPBI, KOTOPas BEIHOCUTCS HA MOBEPXHOCTH BOCXOISIINM
MOTOKOM Macia. Jlanmee mo paamycy HaOJIIOAAIOTCS KOHIICHTPUUYECKUE CBETIIBIC KOJIBIA M3 aFOMUHUCBOM
MyZIpBI, YepeAyIOINecs Yepe3 OJHy ¢ TEMHBIMHU MoJIocaMu. TOHKHE CBETIIBIE KOJIbIIA COOTBETCTBYIOT BOCXO-
ISIIAM TTOTOKaM Macia, a TEMHBIE ITOJIOCHI MEX Ty HUMH — HUCXOISIIIHIM.

CrnenyeT OTMETHUTh, YTO MEXaHHM3M OOpPa30BaHUS KOHIICHTPUYCCKUX TOHKHMX CBETIBIX KOJEI[ M3
QTFOMIHHUEBOHN Myl aHAJIOTUYCH MeXaHu3My oOpa3oBanus wind-streaks M3 MOpPCKOIl TIEHBI, (parMEHTOB
BOJIOpociel, GUTO- U 300IUTAHKTOHA, BO3AYIIHBIX MY3bIPHKOB TpH (hOPMHUPOBAHUH IHPKYISIKi JIeHrMiopa
Ha BOJHOM MOBEPXHOCTH [16] ¢ TOM NMHIIL pa3HUIIEH, YTO YaCTHUIIBl ATFOMUHUEBON MyApHI TSHKETIEE Macia U
YAEPKUBAIOTCS HA IJIABY €r0 BOCXOASIIUM ITOTOKOM.

Ha puc. 1, 6, B MOTOK HampaBiieH yK€ BHU3 B IIEHTPE €MKOCTH, T.K. CBETJIas TOUKA U3 aTFOMUHUEBOU
IyJIpsl IMEET MEHBIINE, TI0 CPAaBHEHUIO C pHC. 1, a, pa3Mephl W3-3a TOTO, YTO HE BCIO MacCy allOMUHUEBOU
Iy Ipbl HUCXOIAIIMIA TTOTOK Maciia yCIeBaeT yBieub BHU3. Jlanee, mo paguycy HaOJIOAIOTCs TaKasl XKe I0-
CJI€I0BATEIBHOCTh PACHOJIOKEHHSI KOHIICHTPUYECKUX TOHKHUX CBETJIBIX KOJICI[ U3 aJTIOMUHUEBOM MyJphl U
TEMHBIX TI0JI0C, YTO U Ha MPEIbIIyIIeM PUCYHKE.
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OnwucaHHbBIC BBIIIE CHUMKH, TPEACTABIISIONINE COO0I TMHUU TOKa HA TpaHUIle Z = |, onudpoBbIBa-
JIUCHh U CTJIAKUBAIKCH BAOJb Pagnuyca OT IEHTPa €eMKOCTH JI0 €€ TPaHUIIbl, PACTIONOKEHHON Ha PacCTOSHUH
Ry=1 cm ot uentpa. Ha puc. 1 crourHoi auHMEN moka3aHbl 3aBUCUMOCTH OCBEIIEHHOCTH MOBEPXHOCTH
Macjia B eMKOCTH BJIOJIb ee paguyca. Ha puc. 1. a, 6, B Ha KpHUBBIX, N300paKCHHBIX CIUIOIIHBIMU JTHHIMH,
BUJIHBI MaJIble UKW, KOTOPBIE COOTBETCTBYIOT TOHKHM CBETIIBIM KOJIbIIAM Ha GoTorpadusx crpasa. ITH Ma-
JIBI€ TTUKK COOTBETCTBYIOT JIBIKEHHIO Macia BBepX. ClemoBaTeNlbHO, B OKPECTHOCTH 3THUX MUKOB (B MUHU-
MyMax OCHOBHOH KpHBOH) Maclo mepemeniaercs BBepX. Mexay OTMEUYEHHBIMU MajbIMU MUKAMU U MUHU-
MyMaMH OCHOBHOH KPHBOW PacHOJIOXKEH elle OJWH MUHHUMYM, KOTOPBIH COOTBETCTBYET ABIKEHHIO Macia
BHU3.

V, (oTH.eq.)
o

V, (oTH.en.)
o
o

V, (oTH.eqd.)

V, (oTH.en.)
o
&

o
o
1

R (cm)
r)

Puc. 1. Kongexmuenbvie KOHYeHmMpuuecKue Koibld Ha NOGEPXHOCIMU MACA:
a) — 13 xomerr; 6) —12; B) — 10; T) — 9; crutomIHbie TUHUK — IUPpoBas 00paboTKa CHUMKOB;
MMyHKTHPHBIC THUHUN — AIIPOKCUMAIIHSI 3aBHCHMOCTBIO (5)
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[TomyuenHoe pemenne (2) npu z = 1 UCMOTB30BANOCH IS OMUCAHHS 00pPa30BAHHBIX KOHBEKTHBHBIX
BaJIOB HA MIOBEPXHOCTH Macia IFINHAPUIECKONH eMKOCTH. [|JIg COmoCcTaBIeHus 3TOTO PEIIeHUs C IKCIIEPH-

T
MEHTAJIbHBIMH JTAHHBIMU cTpomiiack ¢pyHkmms W(r) = r | —7r |, KoTOpas npu yMHOXEHUU Ha Ir omucsr-
w

BaeT nuHNH ToKa (nHuu CTokca) B suelike Ha rpanulle z = 1. [IpoBenenHas anmpokcuManus 3KCIIepUMeH-
TabHBIX JaHHBIX (YHKIIMOHAIBHON 3aBUCUMOCTBIO, ToA00H0# W(7), a *MEHHO

T
y=y,ta (r—r0)~J1((r—r0j 5)
w
MOKa3aja XOpOIIyI0 aleKBaTHOCTh TeopeTnyeckor moaenu. KoadpuimeHTsl anmpokcuManuy IpUBEACHEI B
Tabm. 1.
Tabnuya 1. llapamempor annpoxcumavyuu (5)

3HaveHHE IMapamMeTpa
[Tapamerp n=9 n=10 n=12 n=13
Yo 0,43042 + 0,00289 0,45206 + 0,00268 0,44015 £ 0,00351 0,39752 + 0,00441
a -1,06379 £0,01232 | -1,26018£0,0125 | —1,17787 £0,01839 | 1,29329 +0,02337
ro —0,08269 +0,00595 | -0,15245+0,00407 | —0,00673 £ 0,00517 | —0,12514 + 0,00639
w 0,55148 +£5,8017-10™* | 0,47989 + 3,4036-10~* | 0,39478 + 3,4223-10"* | 0,39334 +4,132-10™

U3 puc 1. cnenyer, 4TO MEHUMYMBI KPUBBIX IH(POBOH 00pabOTKH COOTBETCTBYIOT TEMHBIM KOJIb-
11aM, KOTOPBIE COOTBETCTBYIOT KaK BOCXOZSAIINM (TIOMEYEHbl MMKaMHM MaJIOW aMIUIMTYbI) MOTOKaM Macia,
TaK ¥ HUCXOJAIIUM, KOTOPbIE PACHIOI0KEHBI MEKIY BOCXOAALINMHU.

[Ipu GonpiMX pammycax KoJel B ammpoOKCHMAalMOHHOW KPUBOW MHOXHTENb apryMeHTa (YHKIUH

61’,‘ 2nT

=~——, T1e R, — pamuyc KOJbIa, PacHOJI0KEHHOTO Y
n n

CTEHKH LUIUHApUYECKOr eMkocTu. OTcrona cienyeT R, = 2nw, 4TO COOTBETCTBYET PACIIOIONKEHUIO CBETIIBIX

KOJIeIl Ha MpeACTaBACHHBIX (parMeHTax (ororpaduii. Tak, Wi n = 9 BeIUYMHA paguyca CBETIOr0 KOJbIa

OKa3bIBaeTCA mopsnka Ry = 18-0,55148 = 9,93 cM, n OHO HaXOAWTCS MPAKTUUECKUA BOJIHM3U CTCHKHA €MKOCTH.

Hdns n=10; 12 paguycel cBeTibix konen Rjp=20:0,47989=9.,6 cMm u Ry, = 24-0,39478 = 9,47 cM, U OHU

HEMHOTO yIaJIeHbI OT CTCHKH €MKOCTH.

CrnenyeT OTMETUTh, YTO MpH TosuuHe cios mMacaa 0,765 cm [10] oneHka paauyca mepBoro KosipLa
no puc. 1 cocraBnsieT BenuuuHy nopsiaka 1,3 cMm. Mcxoas u3 3Toro, ITMMETp MEPBOro KOJbla B €AMHUIIAX
TOJIIAHEI CJIOS Maciia paBeH 3,4, 9TO OTBEYAET TEOPETUUCCKH PACCUMTAHHOMY AMAMETPY CBOOOIHOM KOH-
BEKTHBHOU ss4uehkH [9].

TakuMm 00pa3oM, pe3ysIbTaThl YUCICHHOW 00pa0OTKU IKCIIEPUMEHTANBHBIX TAHHBIX JAPYTUX aBTOPOB
1Mo 00pa30BaHMIO KOHBEKTHBHBIX KOJIEI] B CJIOE€ ITOJOTPEBACMON CHH3Y JKHIKOCTH MOATBEPKIAIOT IIPEIIIO-
JIO)KCHHE 00 M3MEHEHUH XapaKTepa TPaHUYHBIX YCIOBHHA CO CMEIIAHHBIX (BEpXHSS TpaHHIA — CBOOOMHAS,
HWOKHSISI — TBepAasi) Ha CBOOOHBIE.

T
beccens — MoxeT OBITH TIpEICTaBIICH B BHIC
w

Hccnenopanne ¢opMUpOBaHUA  yeIMHEHHBIX
HAKJIaIbIBA€MOM Ha MOBEPXHOCTH MacJja

B skcnepuMeHTax 1O HCCIIETOBAaHUIO CBOMCTB 00Opa3yeMBIX B Maciieé YEIMHCHHBIX KOHBEKTHBHBIX
SIYEEK HCII0JIB30BaJOoCh BakyyMHOE Macio BM-5 (2 mun), B KOTOpoe 100aBIsuIOCh HEOOJBIIOE KOJTUYECTBO
amroMuHreBod murMeHTHOHW Ty apel [TATII-1 (58 mr). Tommuba ciost macna coctasisima 1,0—1,2 mm. Ero mo-
JIOTPEB OCYIMECTBISIICS CHHU3Y OT DJICKTPUYECKOW IeUH, TeMIeparypa IHAa €MKOCTH IOJACpXKHUBajach Ha
ypoBae 135%1 °C.

Ha crno#i ucciemyeMoil )XUIKOCTH CO3JaBAIUCH JOMOMHUTEIBHBIC BO3JEHCTBYS, KOTOPhIE BHOCHIIH
BO3MYIIIEHUS B CBOOOIHBIC KOHBEKTHUBHBIC CTPYKTYPhI — HA BEPXHEH MOBEPXHOCTH CJIOS KUIAKOCTU OpTaHU-
30BBIBAITUCH MCKYCCTBEHHBIC Oapbephl, MPEIATCTBYIOMHME € NBIKCHHIO. [[JIsl 3TOT0 Ha TOBEPXHOCTH Macia
HaKJIaJILIBATHCH KOJIBIIA PAa3HBIX JUAMETPOB, M3TOTOBJICHHBIE U3 MEITHON MPOBOJIOKH ToymtuHOM 0,5 mm. Tlo-
JIOTPEB JHA EMKOCTH OCYIIECTBIISIICS B IMAITa30HE OT KOMHATHOU Temmeparypsl 1o 135x1 °C.

KOHBCKTHBHBIX A4YeeK B MEIHOM KoOJIbIIE,
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3 91516 1‘?|
i
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Puc. 2. Yeounennwvie IKA 6 meonom Konvuye:
a) — muaMeTp Kosbla 3 MM; 6) — 4 MM; B) — 5 MM; T) — 6 MM; 1) — 7 MM; €) — 8 MM; k) — 9 MM; 3) — 10 MM

30 ISSN 0131-2928. IIpo6a. mawunocmpoenus, 2016, T. 19, Ne 4



TEIIJIOIIEPENAYA B MAITMHOCTPOUTEJIBHBIX KOHCTPYKIMAX

Meroavka mnposene- 8 -
HUS DKCIEpPUMEHTA 3aKIIO- ]
yanach B ciuenyromem. CHa- 7
yana cloi >KUIKOCTU pa3o-
rpeBajicsl O TaKOr'O COCTOS- 6
HUS, 4TO B HEM (OpMHUPOBa-
JUCh YMOPSAOYCHHBIE KOH- 5
BEKTUBHBIE  CTPYKTYpbl B
Bume sueek benapa. 3atem
Ha TMOBEPXHOCTh Macjia Ha-
KJIaJIbIBAIOCh MEIHOE KOJIb-
110. DTO MPUBOAWIO K TOMY,
YTO0 B 00JacTH HAJIOXKCHUS
KOJIbLIa YHOPsIOUYCHHAS
CTPYKTypa Hapyliaiach, U
BHYTPH KOJIbIIa 0Opa30BHI-
BaJIUCh OJIHA WJIU HECKOJBKO
LUJIUHAPUYECKUX DK 0 ! g g : E 3 " ’ y d T ™1
(puc. 2). B xome dKcrepu- 0 1 2 3 4 5 6 7 8 9 10 N 12
MEHTa JuamMerp MEIHOro Dr (mm)

KOJIbLIa BapbHpOBAICA OT 3 Puc. 3. 3asucumocmo ouamempa IKA D, om ouamempa xoavya D,
o 11 MM, ¢ mmarom 1 Mm.

[IpoBeneHHBIA IKCIIEPUMEHT TMOKA3aJl, YTO AUAMETP KOHBEKTHUBHOM SUEHKH MEHSETCSI TUCKPETHO.
Tak, HanmoXeHNEe MEIHOTO KOJbIAa JUAMETPOM JI0 5 MM IPUBOJUT K OOPa30BAaHUIO OJHON BHIUMOW SYCHKH
nuametpoM 2,5 mm. [Ipu gocTmkeHnn nramMeTpa KOJiblia BETHYUHBI 5 MM MPOUCXOIUT CKauKooOpa3Hoe yBe-
JUYCHUE pa3Mepa KOHBEKTUBHOM SUCHKH 1O BETMIMHBI TOPSAIKA 3 MM, KOTOPBIA OCTAaETCSI HEM3MEHHBIM U C
JaIbHEHIIUM pOCTOM MeaHOro Konblia. Korna auamerpa Koiblia COCTaBIACT 7 MM, OISATh IPOUCXOAUT CKad-
K00Opa3HOe yBEIMYCHUE JUaMeTpa ssueiku. CIeayIonuii CKayoK HaOIF0IaeTCsl TP 9 MM.

Ha puc. 2 1, e BujHO popMHUpOBaHUE TEMHOTO KOJNbIIa Ha mepudeprn s4eHKd, 4TO COOTBETCTBYET
(hopMHPOBaHUIO KOHBEKTUBHOTO KOJIBIIA, aHAJIOTHYHO HaOoaeMbIM B [13—-15].

JlanbHeliee yBeanueHne JuaMerpa Kobia (0osee 9 MM) IPUBOAUT K 00pa30BaHHUIO TPEX KOHBEK-
THUBHBIX SYEEK MUHUMAJIBHOTO TUAMETPa, H B 3TOM cllydae UcclieloBaHue GOPMUPOBAHHUS YEMHEHHBIX KOH-
BEKTUBHBIX AY€EK B MEITHOM KOJIbLIE HE TPOBOJNUIIOCH.

Ha ocHoBaHMM NOMYyYEHHBIX SKCIEPUMEHTATBHBIX PE3yJIbTATOB MOXKHO CAENATh CICAYIOIIUN BEIBO.
3aBucuUMOCTh pocTa nuamerpa DKS npu yBenmdeHuH TuamMeTpa METHOTO KOJIbIA, HAKJIaJAbIBAEMOro Ha Io-
BEPXHOCTH CJIOSI XHJIKOCTH, SIBJIsSeTCS MUCKpeTHOW. E€ rpadmueckoe mzobpakeHHe MPHBEJCHO Ha pucC. 3.
[Ipu oTHOCHUTENFHO HEOONBIIMX AMAMETpax Koubla (5—6 MM) pa3Mepsl siueiiku, copMupoBaBILIeiica B HEM,
COBIAJAIOT ¢ pa3Mepamu yenuHeHHOH DK B cBoOoHOM cioe xuakoctu. [Ipu GonbiieM quamerpe KoJbla
(HaumHAsI ¢ 7 MM | BHIIIIE) pa3Mep SYCHKU CKauKOOOpa3HO YBEIUIMBACTCS, IIPOXOISI YePE3 IBA YCTONIUBBIX
coctosinusl. [locie 3Toro B KoJblie 00pa3oBIBalOTCS HeCKOIbK0 DK MeHbIIero AuameTpa.

Hanoxenne konblla AMaMETPOM MEHEE 5 MM BhI3bIBaCT (DOPMHUPOBAHUE IWIMHIPUICCKOW KOHBEK-
THUBHOM STYEUKH C AMAMETPOM MEHbIIIE, YeM AuaMeTp yeauHeHHbIX DKJSI B cBoOOIHOM citoe skuakocTH. [Ipu
ATOM MOJKET BO3HHUKHYTH CUTyarus (CM. puc. 2, 0), Koraa Mexay KOJbIIOM U KOHBEKTUBHOH sTUeHKOM cyIiie-
CTBYET MPOCIOMKA KUIKOCTH, TO €CTh JAHHYIO SYEHKY MOXHO paccMaTpuBaTh Kak yenuHeHHyio DK C
Y9ETOM TOTO, YTO COTJIACHO TOJMYyYEHHBIM paHee pesyibTaTaMm [9] aumametp yemmaernHor IKS mpsmo mpo-
MOPIIMOHAJIeH e€ BBICOTE, MOKHO CJIENaTh MPEAOoNI0KEeHHEe, YTO B JaHHOM CiIy4ae B KOJbIle (popMupyrOTCS
nse DK sueiiku, pacnionoKeHHbIe OHa Haj APYTOi.

Dc (nmm)

HN3mepeHue cKOPOCTH MaccoNepeHoca B KOHBEKTUBHOM siueiike

OmHuM U3 BaXKHBIX BOTIPOCOB, BO3HUKAIOIINX IIPH M3yYEeHUH CBOHCTB sueek benapa, siBisieTcs BO-
MIPOC O BETUYMHE CKOPOCTH KOHBEKTUBHOI'O MAaCCOIEPEHOCca B siUeHKe. 3HAsd aHATUTUUECKOE BBIPAXKCHUE TS
KOMIIOHEHT CKOpOCTH B sueiike (1), (2), MOKHO SKCHEPUMEHTAIBHO OMPENEIUTh €€ peaibHOe 3HaueHue. Js
ATOTO JOCTATOYHO M3MEPHUTHh CKOPOCTh TOPU30HTATLHOTO MAaCCOIEPEHOCA Ha TTOBEPXHOCTH SIMEUKH B TOUKE
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Puc. 4. Ilonoscenue wiyna:
a) — 70 TIOTPYXEHUs B Macio; 0) — MOCIIe MOTPy>KeHUs

€€ MaKCHMAaJIbHOTO 3HAYeHHUs, KOoTopas coriacHo (2) u (4) OTCTOMT OT HEHTpa SYCHKH Ha BEIUUHHY
r* = RCGO,l/Gl,l‘

i u3MepeHuss CKOPOCTH KOHBEKTUBHOI'O IIOTOKA IPOBEAEHA CEPUs 3KCIIEPUMEHTOB, B KOTOPBIX
KaK ¥ B NPEIBIIYIINX CIIy4yasx, UCIIOJIb30BaJIOCh Ta K€ CYCIIeH3Ms aJUIIOMUHHMEBOM IyApsl B Macie. Tewmie-
parypa mMacia Ha THe eMKOCTH ToJiiepkuBasiach Ha yposHe 15011 °C. B onny u3 chpopmuposasmmxcs K,
pasMep KOTOpOH cocTaBisil 17 MM, CBEpXY BEPTHKAJIBHO OIMYCKAJIOCh U3MEPUTEIBHOE YCTPOUCTBO, COCTOS-
1iee U3 AByX MapajlieIbHO PACIIONOXKEHHBIX TOHKUX UJIMHIPUYECKUX MEAHBIX IIynoB auamerpom 0,04 Mm.
JnuHa omgHOTO HIymna paBHsuiack 4,3 MM, apyroro — 5,4 mM. LIyl 3aKperuisiiucs B METAITHIECKOM CTEPXK-
HE, Ha KOTOPBIM pacrojarajics TPaHCIIOPTHP AJSl ONpeAesieHUs yria OTKIOHEHUs! Oojee JUIMHHOTO INyTa,
MOTPYKaeMoro B )KHIKOCTb, OTHOCUTEIBHO KOPOTKOTO (pHC. 4).

Ha puc. 4 BunHO, uto nociue norpyxenus myna B 9K B TouKy, OTCTOSIIYIO OT €€ LIEHTpa Ha BeJIU-

YHUHY 7., TIOABISETCS Yrol OTKIOHEHUs mnopsaka 1+0,5 °. JInsg ompeneneHus CKOPOCTH MacCOIepeHoca B

siYeiKe TI0 BEJTMYMHE YTiia OTKIOHEHHs He0OX0UMO OBIJIO MPOU3BECTH IPAIyUPOBKY H3MEPHUTEIBHOTO YCT-
poiicTBa.

I'pagyupoBka OCymIeCTBIISIACh B BEPTUKAILHOM CTPYE BOJBI, CBOOOIHO BBITEKAIOIICH U3 KpaHa. Pe-
TYJIUPYSl BEHTHIIEM MOTOK BOJIBI M3 KpaHa W M3Mepsisl TUaMeTp CTPYH BOJIbI, €6 MAacCy U BpeMs UCTCUCHHS,
MOJKHO OIPEJICITUTh CKOPOCTh TeUeHUs BOJIbI V;, 1o hopmyrie

aM

- , 6
nd’pt ©

B
rae M — macca monaBIiel B eMKOCTh BOJIbI; d — IUAMETP CTPYH BOJBI; P — TUIOTHOCTH BOJBI; £ — BpEMS HaTe-
KaHUS BOJIBI B EMKOCTb.

Y1y OTKJIOHEHHS JJIWHHOTO IIyTa, BBOAWMOTO B CTPYIO MEPICHAUKYISIPHO oOpa3yromied ee Iu-
JUHJIPUIECKON TTOBEPXHOCTH, COMOCTABIISIIACH CKOPOCTh UCTEUEHHsSI BOJIBI M3 KPaHa, BEIYUCICHHAS 10 (op-
myne (6).

B Ta6un. 2 npuBeIeHbI 3KCIIEPUMECHTAIBHBIE JAHHBIC H3MEPEHUS 3aBUCUMOCTH YTJIa OTKJIOHCHHSI IITy-
I1a OT CKOPOCTHU NIOTOKA BOJBI.

Taénuua 2. /lannsie padyuposku

Macca Bogsl, | Bpems, | Yron otknonenus, | Juametp ctpyn, | CKOpOCTh BOJIBI,
M, r t,C Q, ° d, MM V, cm/c
6 10 2 1,5 0,34
40 10 4 2,5 0,82
50 10 5 2,6 0,94
140 10 9 3 1,98
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Jlst  ommcaHus aHAIH- = A - water
TUYECKOM 3aBUCUMOCTH yIJja ] = - oil
OTKJIOHCHHMSI IIIyHa OT CKOPOCTH 9 A

@0

| 3

peBoJa CKOPOCTH BOJBI B CKOPOCTh Macila ONpPEAENsIeTCs BEIUYHMHON =10, moctpoum rpaduk

MOTOKAa BOJABI OyIeM CYUTaTh,
YTO IIyN HWMEeT UWIHHIpHYe-
ckyio dopmy. B sTOoM ciaydae 7
CHUa  CONPOTHBIICHUS  IIyma
F =2kl,sin(@/2) wnaberaromemy ]
MOTOKY BOJABI Ha EJMHHUILY €ro S 4
JUTHHBI otipeniesieTcss GopMysioi 4 ] /
Crokca—O3eena [17]
F = 41, V,(In(7,406-Re ™))™, (7)
rae k — ko3 UIHUEHT KECTKO- 2
CTH MEAHOTO Iyma; [, — ero
JUTMHA; () — YTOJ OTKJIOHEHUS ]
uyna (rpan); HB_KOB(MMHWHT 00,0 02 04 06 08 10 12 14 16 18 20 22
JMMHAMHUYECKON BSI3KOCTH BOJIBI;
o ¥V (cm/cex)

Re =pVd /Wy, — umcno Peir-
HONBJICA; dy — AMAMET] IIyIIa. Puc. 5. I'padyupoeounas kpueasn

Koa¢dPumuent xectkocTn MeaHOTro IIyna caado 3aBUCUT OT TeMIepaTyphl (YMEHBIIAETCs JINHEHHO
C pOCTOM TeMIepaTyphl) B AuamnazoHe oT komHaTHOH 10 500 °C [18]. ITosTOMy OyaeM cUuTaTh OTHOLICHHE
KO3 (UITUCHTOB JKECTKOCTH METHOIO IIyla MpW KOMHATHOW TeMIieparype (TemmepaTtypa BOJABI) k, W TpU
TeMIIepaType Macia k, IOpsIKa eAUHULEI ky/k, = 1:

Hcnonb3ys sKCniepuMEHTabHBIE JaHHbIe Ta0l. 2 U y4uThiBas ToT (akt, yro koddduiment s me-

Vi _ Bk,
VM HBkM

3aBHCHMOCTH KOHBEKTHBHOMW CKOPOCTH Macja OT yria OTKIOHEHHS IIyTIa.

Ha puc. 5 npuBeneHa rpaayrpoBoyHasi 3aBUCUMOCTb OTKJIOHEHHS IIyIla OT CKOPOCTH BOJBI, KOTOPAs
MIOCTPOEHA JJIS OIIPENIETIEHNsI CKOPOCTH Maciia B sSTUEHKeE.

W3 aToro pucyHka ciemyeT, 9To CKOPOCTh MOTOKA Maclia Ha MOBEPXHOCTH KOHBEKTHBHOM SYEUKH Ha
paccTOSHUM MOJIOBUHBI pagryca oT ee ocH nopsaka V,, = 0,02 cm/c.

Ckopocts npmkeHus Macia B DK m3mepsanach Takke BH3yalbHO C MCIIOJIB30BAHUEM MHKPOCKOIIA
MBC-9. U3mepeHre TpoBOAMIOCH CIETYIOIIUM
oOpazom. B MHKpockone BMECTO MPEeIMETHOTO
CTEKJIa pacrojiarajach €MKOCTh CO CJIOEM HC-
clenyeMol JKHAKOCTH TaK, YTOOBI IIONIA/b
MOBEPXHOCTH Macya ObUTa OPTOrOHAIBHA OMTH-
YEeCKOM OCH TOJOBKM MHKpockoma. Bwmecto
OKyJIsIpa 3aKperuisuiach (GoTokaMmepa, ¢ MOMO-
IIbI0 KOTOPOH IPOBOIMIACHE BHUIEOCHEMKA IIE-
pemenieHuss Mapkepa (BbIOpaHHas MHKpOYac-
TUYKa aJIIOMUHUEBOM MUTMEHTHOW MyJpHI IUla-
CTHHYATOW (OPMBI) OT LEHTPA SUCHKH K ee Tie-
pudepun. [loxaapoBelii aHAN3 BUACOCHEMKH
MepeMenIeHsI MapKepoB (ITOKa3aHbl CTPEIKAMH
Ha puc. 6) Ja BOZMOKHOCTD OIIEHUTH WX MTHO-
BEHHYIO CKOpPOCTb. AHalu3 Habopa MOTy4YeH-
HBIX DJKCIIEPUMEHTAIBHBIX JaHHBIX MTHOBEH-
HBIX CKOPOCTEH MapKepoB MO3BOJWI OMpere-
JUTh MAaKCHUMAaJIbHYIO paJUualbHYI0 CKOPOCTb

ABMDKCHMS Macia. Puc. 6. Buo koneekmugHbIx aueeK u noJioiceHue MapKepos
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B) r)
Puc. 7. 3nauenusn 2opuzonmanbHsix CKOpocmeil 4acCmuuKu:
aA)-R=137TMM.0)-R=1.14Mm.B)-R=1.78 MM.T) — R = 1.8 MM
Pacuer MrHOBEHHON CKOPOCTH MapKepOB MOKa3ad, YTO OHA HCHBITHIBACT CIy4alHbIC M3MCHEHMS.
OTHU U3MEHEHHUS MPOUCXOJAT M3-3a BpaIleHUS MapKepOB B HECYIIEM HX MOTOKE Macla, XapaKTepu3yeMoM
HaJU4IMEeM TPAJUCHTa CKOPOCTH B TMEPICHAMKYJISIPHOM IBIKCHHIO MOTOKA Hampapienuu [19]. Bpamenune
MapKepa MEHSICT CHITY YBJICUCHHS €T0 MMOTOKOM. [1o3ToMy pe3yapTupyromas 3aBUCHMOCTh paaualbHON CKO-
POCTH YaCTHYKU OT Pajinyca OIEHUBAJIACH IT0 OTUOAIONIUM HKCIIEPUMEHTAIBHBIX TOUYEK MTHOBECHHOHN CKOpPO-
CTH, TTOCTPOCHHBIX B COOTBETCTBHH C aHAJTUTHICCKUM BBIPAKCHHEM 3aBUCUMOCTH PaTHaTLHON CKOPOCTH OT
panuyca saehku (2).

Ha puc. 7 xBagpaTHpIMU MapKepaMH NOKa3aHbl 3HAUCHUS paJualbHBIX CKOPOCTEH YaCTUYCK B 3aBU-
CUMOCTH OT UX TOJOXEHHUS OTHOCUTENIBHO IICHTPa KOHBEKTHBHOW SYCHKU (B OTHOCHUTENBHBIX CAMHMIIAX).
Orubaromue dKCIePUMEHTAILHBIC TOYKHA KPUBBIC Ha PUC. 7 OMPENEIIAIOT 3aBUCUMOCTh paarabHON CKOPO-
CTU KOHBEKTHUBHOTO JABMEHUS Macia oT paauyca. B pe3ynapTaTe Takux MOCTPOCHUI MOXKHO CAENATh BHIBOJI,
YTO MaKCHUMaJlbHasl paguanbHas CKOPOCTh JBHKECHMSI Maclia B KOHBEKTUBHBIX siueiikax 1-3 (cM. puc. 6) co-
CTaBJISIET BENUUMHY 3,5-5,2 MM/cC.

Takum 00paszoM, MokazaHo, 9TO CKOPOCTh MACCOTIEPEHOCA B KOHBEKTHBHOM SUCHKE 3aBUCHUT OT pas-
MEPOB STUEHKHU U B CPETHEM MOXKET COCTABIISITH BEIUUUHY nopsiaka 4,35 cM/c.

BriBoabI

B nmannoi#i pabote 000CHOBBIBAETCS CYIIECTBOBAHHE DJIEMEHTAPHON KOHBEKTUBHOHN SYCHKHU ITyTEM
COMNOCTABJICHUS TEOPETUYECKON MOJIETN U IKCIEPUMEHTAIbHBIX JAHHBIX, a TAKXKE SKCIEPUMEHTAIBLHOE OIl-
peleNeHne XapaKTePHBIX CKOPOCTEH KOHBEKIIUH KUAKOCTU BHYTPU SUCHKH.

CremaHo TpeaIoiOXKeHHe, YTO CYCICH3HIO BONHM3HM JHA €MKOCTH CJIeIyeT paccMaTpuBaTh KaK OT-
JEIbHYIO, C OTIMYHON OT YHCTOT'O Macja IUIOTHOCTHIO U BSI3KOCTBHIO CPEly, KOTOpasi ABMKETCS IO MAaCJITHON
MOJIJIOKKE U3 YHCTOTO Macia 0e3 TpeHUs. B TakuX yCIOBUSIX TPAHWUYHBIC YCIOBHS CIIOS KUAKOCTH MOXHO
paccMmarpuBaTh Kak cBOOOAHBIE. [laHHOE TpeanoIoKeHne MOATBEPKAAeTCS pe3yIbTaTaMH YHUCIIEHHOW 00pa-
OOTKHM DKCIIEPUMEHTAJBHBIX PE3YJIbTATOB JAPYTHX aBTOPOB MO0 00pa30BaHWIO KOHBEKTHBHBIX KOJIEI] B CJIOC
MOAOrPEBACMOM CHU3Y KUAKOCTH.
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TEIIJIOIIEPENAYA B MAITMHOCTPOUTEJIBHBIX KOHCTPYKIMAX

B pesynprare mpoBeIeHHBIX SKCIIEPHIMEHTOB MO (POPMHUPOBAHUIO IMITHHAPUIESCKON KOHBEKTUBHOU
sTYEHKN HAJIO)KEHHEM MEIHOTO KOJIbI[a Ha MOBEPXHOCTh Macia MOKa3aHO Ka4eCTBEHHOE W KOJIMYECTBEHHOE
COOTBETCTBHE TECOPETUUCCKON MOJICTH SKCIICPUMECHTAILHBIM TaHHBIM.

[To yrimy OTKJIOHEHUS MOJABUXHOTO IIyIa ONpeAesieHa CKOPOCTh TOPU3OHTAIIBLHOIO MOTOKA Maciia Ha
TTOBEPXHOCTH KOHBEKTHUBHOH stueiiku auameTpoM 17 mMm. Ee 3nauenme mopsinka 0,02 cm/c. JIns ssaeex MEHb-
mero guaMerpa (2 MM) TOPU3OHTANIbHAS CKOPOCTh Macila Ha MOBEPXHOCTH AYEHWKH U3MEpPEHa ONTHYECKHUM
METOJOM U COCTaBHJIa BETUUMHY OT 3,5 10 5,2 MM/c.
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